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Experimental 

Crystal data 

C37H34N2O2 
M, = 538.66 
Monoclinic, P2Jc 
a = 8.4913 (3) A 
b = 16.6782 (6) A 
c = 20.5435 (7) A 
= 100.028 (2)° 

Data collection 

Bruker Kappa APEXII 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Slieldrick, 1996) 
r„i„ = 0.967, r„,„ = 0.974 



Refinement 

R[F^ > 2a{F^)] = 0.053 

wR(F^) = 0.157 

S = 1.03 

9332 reflections 



V = 2864.92 (17) A" 
Z = 4 

Mo Ka radiation 
/X = 0.08 mm"' 
r = 293 K 

0.21 X 0.19 X 0.18 mm 



43034 measured reflections 
9332 independent reflections 
5857 reflections with / > 2a(l) 
Ri„. = 0.035 



371 parameters 

H-atom parameters constrained 
Ap^ = 0.29 e A-' 
Apmin = -0.23 e A"' 



Received 16 September 2012; accepted 18 September 2012 

Key indicators: single-crystal X-ray study; T = 293 K; mean fT(C-C) = 0.002 A; 
R factor = 0.053; wR factor = 0.157; data-to-parameter ratio = 25.2. 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H - A D-H H - A D- ■ A D-H - A 



In the title compound, C37H34N2O2, the pyridinone ring 
adopts a half-chair conformation. In the octahydroindolizine 
fused-ring system, the piperidine ring is in a chair conforma- 
tion and the pyrrole ring is twisted about the N— C(piper- 
idine) bond. The molecular structure features a weak 
intramolecular C— H- ■ -O interaction. 

Related literature 

For the importance of spiro compounds, see: Gubin et al. 
(1992); Liu et al. (2007); Molyneux & James (1982); Nash et al. 
(1988); Pearson & Guo (2001); Smith et al. (2007). For related 
acenaphthylene structures, see: Sundar et al. (2002). For 
additional conformational analysis, see: Cremer & Pople 
(1975). 



C2-H2B- ■ 02 0.97 2.35 2.9329 (18) 118 



Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
PLATON (Spek, 2009); software used to prepare material for 
publication: SHELXL97. 

JS and RAN thank the management of Madura College for 
their encouragement and support. RRK thanks DST, New 
Delhi, for funds under the fast track scheme (grant No. SR/FT/ 
CS-073/2009). 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: TK5152). 
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5"-Benzylidene-1 ''-methyl-1 '-phenyl-1 V2',3V5',6',7',8',8a'-octahydrodispiro- 
[acenaphthylene-l,3'-indolizine-2',3"-piperidine]-2,4"(lH)-dione 

J. Suresh^ R. A. Nagalakshmi, R. Ranjith Kumar^ S. Sivakumar and P. L. Nilantha Lakshman 

Comment 

Spiro indolizine derivatives have been found to possess a variety of biological activities such as antibacterial, 
antiinflammatory, antiviral, (Nash et al, 1988; Molyneux & James, 1982), anticancer (Liu et al, 2007; Smith et al, 2007) 
and antitumor (Pearson & Guo, 2001). They are also important synthetic targets in view of developing new 
pharmaceuticals for the treatment of cardiovascular diseases (Gubin et al, 1992). In view of the high medicinal value of 
these compounds in conjunction with our research interests, prompted us to synthesize and report the X-ray studies of the 
title compound. Related acenaphthylene structures are known (Sundar et al, 2002). 

In the title compound (Fig. 1), the pyridinone ring adopts twisted chair conformation with atoms N2 and C3 deviating 
by -0.6237 (1) and -0.4716 (1) A, respectively, from the least-squares plane defined by other atoms (C2/C4/C5/C6). 
Within the octahydroindolizine, the six membered piperidine ring adopts chair conformation as evident from the 
puckering parameters (Cremer & Pople, 1975): Q = 0.551 (2) k,9= 145.92 (2)° and (D = 223.5 (3)°. The dihedral angle 
between the two benzene rings and the acenapthalene rings are 70.74 (1) and 34.81 (1) A. The molecular structure also 
features a weak intramolecular C — interaction (Table 1). 

Experimental 

A mixture of l-methyl-3,5-bis[(£')-arylmethylidene]tetrahydro-4(l//)-pyridinone (1 mmol), acenaphthenequinone (1 
mmol) and piperidine-2-carboxylic acid (1 mmol) was dissolved in isopropyl alcohol (15 ml), and heated to reflux for 60 
min. After completion of the reaction, as evident from TLC, the mixture was poured into water (50 ml), the precipitated 
solid was filtered and washed with water (100 ml) to obtain pure yellow solid. Melting pomt: 479 K, Yield: 89% 

Refinement 

H atoms were placed at calculated positions and allowed to ride on their carrier atoms with C — = 0.93-0.98 A and Ui^o 

= 1.2-1.5C/e,(C). 

Computing details 

Data collection: APEX2 (Bruker, 2004); cell refinement: &4//Vr (Bruker, 2004); data reduction: SAINT (Bruker, 2004); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: PLATON (Spek, 2009); software used to prepare material for publication: 
SHELXL97 (Sheldrick, 2008). 
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Figure 1 

The molecular structure of (I), showing 20% probability displacement ellipsoids and the atom-numbering scheme. H- 
atoms are omitted for clarity. 



5"-Benzylidene-1 " methyl-l '-phenyl-1 ',2',3',5',6',7',8',8a'- octahydrodispiro[acenaphthylene-1,3'- 
indolizine-2',3"-piperidine]- 2,4"(lH)-dione 



Crystal data 

C37H34N2O2 
M,= 538.66 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 8.4913 (3) A 
6= 16.6782 (6) A 
c = 20.5435 (7) A 
y9= 100.028 (2)° 
F= 2864.92 (17) A^ 
Z = 4 

Data collection 

Bruker Kappa APEXII 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 0 pixels mm ' 
CO and (p scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 1996) 
r^.„ = 0.967, r^ax = 0.974 



F(000)= 1144 

Z),= 1.249 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 2000 reflections 

61 = 2-31° 

/u = 0.08 mm-' 

r=293 K 

Block, yellow 

0.21 X 0.19 X 0.18 mm 



43034 measured reflections 
9332 independent reflections 
5857 reflections with / > 2a{I) 
^„, = 0.035 

dmixx = 31.3°, 9^in =1.6° 

A = -12^12 
/c= -22^24 
/ = -25^30 
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Refinement 

Refinement on 
Least-squares matrix: full 

> 2ff(i^)] = 0.053 
wR{F^) = 0.\51 
S= 1.03 
9332 reflections 
371 parameters 
0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted i?- factor wR and goodness of fit S are based on 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > a{F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


TJ- */U 


01 


0.02236(11) 


0.45746 (6) 


0.21716(5) 


0.0463 (3) 


Nl 


0.18434 (14) 


0.27311 (6) 


0.30171 (5) 


0.0354 (2) 


C13 


0.29204 (15) 


0.32105 (7) 


0.26884 (6) 


0.0316(2) 


C7 


0.14839 (15) 


0.39871 (7) 


0.34350 (6) 


0.0311 (2) 


H7 


0.0373 


0.4034 


0.3208 


0.037* 


N2 


0.50761 (13) 


0.45681 (7) 


0.26318 (6) 


0.0386 (3) 


C4 


0.16715 (15) 


0.45441 (7) 


0.22914(6) 


0.0320 (3) 


C71 


0.16991 (16) 


0.45865 (8) 


0.39942 (7) 


0.0370 (3) 


02 


0.54309 (13) 


0.29695 (7) 


0.34803 (6) 


0.0555 (3) 


C2 


0.40959(15) 


0.45688 (8) 


0.31454 (6) 


0.0342 (3) 


H2A 


0.3840 


0.5115 


0.3250 


0.041* 


H2B 


0.4676 


0.4321 


0.3543 


0.041* 


C17 


0.26458 (17) 


0.29985 (8) 


0.19575 (6) 


0.0364 (3) 


C51 


0.19570(16) 


0.50244 (8) 


0.12120 (7) 


0.0383 (3) 


H51 


0.0901 


0.4852 


0.1108 


0.046* 


C3 


0.25581 (14) 


0.41018(7) 


0.28993 (6) 


0.0291 (2) 


C52 


0.26203 (17) 


0.53783 (8) 


0.06646 (7) 


0.0406 (3) 


C18 


0.1305 (2) 


0.30038 (9) 


0.14857 (7) 


0.0452 (3) 


H18 


0.0337 


0.3186 


0.1582 


0.054* 


C14 


0.47326 (17) 


0.29755 (8) 


0.29136 (7) 


0.0415 (3) 


C8 


0.17403 (16) 


0.31133 (7) 


0.36444 (6) 


0.0341 (3) 


H8 


0.2759 


0.3056 


0.3949 


0.041* 


C5 


0.26617 (15) 


0.49163 (8) 


0.18385 (7) 


0.0342 (3) 


C9 


0.0405 (2) 


0.27382 (9) 


0.39425 (8) 


0.0470 (3) 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[o^(Fo2) + (0.0678P)2 + 0.5825P] 

where /'=(F„2 + 2F/)/3 
(A/ff)„„< 0.001 
Ap^ = 0.29 e 
Apmn = -0.22 e A-3 

Extinction correction: SHELXL97 (Sheldrick, 

2008), Fc=kFc[l+0.001xFc2iVsin(26')]-"'' 
Extmction coefficient: 0.0030 (7) 
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UC\ A 


— U.Ooi J 


O.zo4 / 


0.3662 


A AC/C* 

0.056^ 


HyB 


A Al O C 

0.0385 


A '^A'70 

0.2972 


A /I 0 TO 

0.4373 


0.056* 


Co 


0.43879 (16) 


A C 1 1 AT / I C\\ 

0.51107 (10) 


A 1 AAO /^N 

0.21008 (7) 


A A /I 0 /O N 

0.0432 (3) 


HoA 


0.499 / 


0.50/4 


A 1 nA A 
0.1 /44 


A AO* 

0.052'^ 


H6B 


0.4466 


0.5657 


0.2264 


A AC '^ A 

0.052* 


C15 


A O'^OT /I A\ 

0.53287 (19) 


A ^/'/''~\C\ /A\ 

Vi.AbKuS (9) 


A "OT^OA /ON 

0.23289 (8) 


A A/IOC //IN 

0.0485 (4) 




0.4175 (2) 


A '^TZTAA /I AN 

0.23699 (10) 


All ZTAA /AN 

0.11699 (9) 


A ACCO //IN 

0.0558 (4) 


C16 


A A f\/' A '\ /I A\ 

0.40641 (19) 


A O/'TOO /0\ 

0.26788 (8) 


A 1 TA/'A /TN 

0.17969 (7) 


A A/100 /ON 

0.0428 (3) 




U.ZijJ (/) 


0.18695 (8) 


U. jUoo8 (0) 


U.U488 (4) 


H12A 


0.3173 


0.1771 


0.3350 


A A C A A 

0.059* 


H12B 


A 1 AA 

0.2199 


A 1 /I 

0.1652 


A /TO 0 

0.2633 


A ACAd: 

0.059* 


/"''TO 


U.zoz3 (z) 


A A AC\ \ £i /I A\ 

0.44916 (10) 


A y1 C/^O '5 /nN 

0.45633 (/) 


A Ad 1 /^ N 

0.05zl (4) 


H7z 


0.3500 


A ,1 A /I A 

0.4049 


A A /TAO 

0.4603 


A AzTO sis 

0.063* 


Cll 


0.0826 (2) 


A 1 A £: A'l /AN 

0.14647 (9) 


A AT /AN 

0.33507 (9) 


A ACT 1 / /IN 

0.0571 (4) 


TT 1 1 A 

HllA 


A 1 ACA 

0.1059 


A AOAT 

0.0897 


A 0 ^ AA 

0.3409 


A AzTO * 

0.068* 


HUB 


-0.0174 


0.1520 


0.3044 


A A 0 ^ 

0.068* 


CIO 


A AzT C A /'^\ 

0.0659 (2) 


0.18347 (10) 


A /I A 1 1 /an 

0.40116 (9) 


A AC AO //IN 

0.0592 (4) 


TT1 A A 

HlOA 


A 1 1 

0.1616 


0.1727 


A /I 0 0 0 

0.4333 


A AT 1 A 

0.071* 


TT1 AT* 


A A^ A ^ 

— O.Uz4z 


A 1 CAT 

0.1593 


A /I 1 "7 1 

0.4171 


0.071^ 


CI 


0.67269 (18) 


A A^OOH /I ON 

0.47oo6 (13) 


A 'lOOO'T /AN 

0.28587 (9) 


A AzT 1 0 /CN 

0.0613 (5) 


XJ1 A 

H 1 A 




A Anoi 

0.4/01 


A oco/: 

U.z53o 


A AAO* 


HIB 


0.7177 


A /I /I 1 0 

0.4413 


0.3224 


A AA'^sk 

0.092* 


TT1 


0.6757 


A 0 1 T 

0.53 17 


0.3075 


A AAO A 

0.09z^ 


C76 


A AT^ 1 

0.0721 (2) 


A C-O CZ: 1 /AN 

0.52561 (9) 


A O AC A A /AN 

0.39544 (9) 


A ACO n t A\ 

0.0537 (4) 


ri/o 


A AA/) Q 


A ^lAn 
U.334U 




A A/T/l* 

0.0o4^ 


C20 


A nAA /OX 

0.2790 (3) 


0.24183 (11) 


A A/^AAO /AN 

0.06903 (9) 


A A/^CO /CN 

0.0658 (5) 


A 


A 1 O AO 


A 1 "T? A 

0.zz39 


0.0263 


A ATA* 

0.079^ 


C53 


0,2212 (2) 


A CAC10 /11N 

0.50518 (11) 


A AAOT/l /ON 

0.00374 (8) 


A f\cnn //IN 

0.0577 (4) 


riD3 


A 1 COQ 


u.4ouy 


A AAOT 


A A/TA* 

0.0o9^ 


C57 


0.3575 (2) 


A /'ACAI /I AN 

0.60591 (10) 


A ATO 0 1 /ON 

0.07381 (8) 


A f\C /' C //IN 

0.0565 (4) 


XJC7 


A T O'J A 

0.3839 


0.630z 


All CA 

0.1150 


A A/CO* 

0.068* 


C75 


A AOO /1\ 

0.0883 (3) 


A COA^'l /1 1 N 

0.58062 (11) 


A AAn£^f\ /ION 

0.44760 (13) 


0.0743 (6) 


ri/D 


A AO 1 Q 


A /iO^I 
U.OZDJ 


A AAA1 

U.4443 


A AOO* 


C19 


A 1 /I 1 O \ 

0.1418 (3) 


A "OTICO /I IN 

0.27253 (11) 


A AO/1/11 /ON 

0.08442 (8) 


A A/'AA /CN 

0.0600 (5) 


XJ1 n 


A AC 1 n 

O.OM / 


O.z /54 


A AC 1 C 

0.0515 


A ATO* 

0.0 /z^ 


C74 


A 1 AA^ /"^N 

0.1995 (3) 


A C/'AOA /I ON 

0.56989 (13) 


A CA'^OI /I 1 N 

0.50282 (11) 


A AT7A /Z'N 

0.0770 (6) 


H/4 


A ^AAC 


0.60 /O 


A cni 
0.53 / 1 


A AAO* 

0.09z^ 


C23 


A A 1 1 \ 

0.6913 (3) 


A OA/I/1A /I (IN 

0.20440 (14) 


A 1 /""OO /I A\ 

0.16253 (14) 


A r\o C /' /TN 

0.0856 (7) 


H23 


A "70 A 1 

0. /oVl 


A 1 Oil 

0.1o3z 


A 1 C/C/l 

0.1564 


A 1 AO * 

0.103^ 


C22 


0.5681 (3) 


0.20404 (12) 


All AA A /I '^N 

0.11094 (12) 


A A'7/''> //'N 

0.0762 (6) 




0.5ozo 


A 1 0 1 0 

0.181s 


A ATAA 
0.0/09 


A A A 1 * 
0.091^ 


C54 


A "^TOO /ON 

0.2788 (3) 


A COTOT /I /IN 

0.53737 (14) 


A A/IAT^ /AN 

-0.04922 (9) 


A AT/'A //'\ 

0.0760 (6) 


Hd4 


A OCI A 

0.2510 


A CI /I O 

0.5143 


A AAAO 

— U.0908 


A AA1 * 
0.091 


073 


0.2965 (3) 


0.50437 (13) 


0.50781 (9) 


0.0701 (5) 


H73 


0.3724 


0.4965 


0.5457 


0.084* 


056 


0.4135 (3) 


0.63776(13) 


0.02018 (10) 


0.0766 (6) 


H56 


0.4772 


0.6834 


0.0256 


0.092* 


024 


0.6777 (2) 


0.23534 (12) 


0.22476 (12) 


0.0723 (6) 


H24 


0.7643 


0.2349 


0.2594 


0.087* 
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C55 


0.3763 (3) 






0.60290(15) 




-0.04099 (10) 


0.0802 (6) 




H55 


0.4172 






0.6238 




-0.0766 


0.096* 




Atomic displacement parameters (A^) 






















01 


0.0309 (5) 


0.0548 


(6) 


0.0527 


(6) 


0.0048 (4) 


0.0061 


(4) 


0.0185 (5) 


Nl 


0.0465 (6) 


0.0259 


(5) 


0.0339 


(6) 


-0.0008 (4) 


0.0076 


(5) 


0.0001 (4) 


C13 


0.0351 (6) 


0.0294 


(6) 


0.0300 


(6) 


0.0038 (5) 


0.0046 


(5) 


0.0002 (5) 


C7 


0.0313(6) 


0.0301 


(6) 


0.0326 


(6) 


-0.0001 (5) 


0.0071 


(5) 


0.0008 (5) 


N2 


0.0276 (5) 


0.0515 


(7) 


0.0370 


(6) 


-0.0019 (5) 


0.0061 


(4) 


0.0012 (5) 


C4 


0.0322 (6) 


0.0282 


(6) 


0.0354 


(6) 


0.0007 (5) 


0.0053 


(5) 


0.0028 (5) 


C71 


0.0393 (7) 


0.0339 


(6) 


0.0418 


(7) 


-0.0039 (5) 


0.0187 


(6) 


-0.0039 (5) 


02 


0.0497 (6) 


0.0619 


(7) 


0.0496 


(6) 


0.0142 (5) 


-0.0059 (5) 


0.0064 (5) 


C2 


0.0321 (6) 


0.0369 


(6) 


0.0334 


(6) 


-0.0024 (5) 


0.0053 


(5) 


-0.0029 (5) 


C17 


0.0480 (8) 


0.0294 


(6) 


0.0323 


(6) 


0.0001 (5) 


0.0084 


(6) 


-0.0011 (5) 


C51 


0.0381 (7) 


0.0348 


(6) 


0.0419 


(7) 


-0.0028 (5) 


0.0067 


(6) 


0.0050 (5) 


C3 


0.0294 (6) 


0.0282 


(6) 


0.0296 


(6) 


0.0012 (4) 


0.0052 


(4) 


0.0013 (4) 


C52 


0.0433 (7) 


0.0400 


(7) 


0.0381 


(7) 


-0.0026 (6) 


0.0058 


(6) 


0.0064 (6) 


C18 


0.0546 (9) 


0.0409 


(7) 


0.0377 


(7) 


-0.0058 (6) 


0.0011 


(6) 


-0.0028 (6) 


C14 


0.0409 (7) 


0.0368 


(7) 


0.0452 


(8) 


0.0097 (6) 


0.0029 


(6) 


0.0011 (6) 


C8 


0.0413 (7) 


0.0306 


(6) 


0.0303 


(6) 


-0.0015 (5) 


0.0061 


(5) 


0.0011 (5) 


C5 


0.0342 (6) 


0.0307 


(6) 


0.0386 


(7) 


0.0000 (5) 


0.0084 


(5) 


0.0047 (5) 


C9 


0.0574 (9) 


0.0417 


(8) 


0.0443 


(8) 


-0.0093 (7) 


0.0154 


(7) 


0.0031 (6) 


C6 


0.0371 (7) 


0.0523 


(8) 


0.0405 


(7) 


-0.0079 (6) 


0.0081 


(6) 


0.0061 (6) 


C15 


0.0483 (8) 


0.0409 


(8) 


0.0582 


(9) 


0.0112 (6) 


0.0149 


(7) 


-0.0029 (7) 


C21 


0.0809 (12) 


0.0408 


(8) 


0.0534 


(10) 


-0.0052 (8) 


0.0325 


(9) 


-0.0091 (7) 


C16 


0.0557 (9) 


0.0323 


(7) 


0.0441 


(8) 


0.0006 (6) 


0.0193 


(7) 


-0.0041 (6) 


C12 


0.0672 (10) 


0.0288 


(7) 


0.0497 


(8) 


0.0032 (6) 


0.0084 


(7) 


0.0017(6) 


C72 


0.0644 (10) 


0.0537 


(9) 


0.0395 


(8) 


-0.0023 (7) 


0.0124 


(7) 


-0.0090 (7) 


Cll 


0.0745 (11) 


0.0309 


(7) 


0.0644 


(11) 


-0.0082 (7) 


0.0079 


(9) 


0.0046 (7) 


CIO 


0.0774 (12) 


0.0429 


(8) 


0.0602 


(10) 


-0.0139 (8) 


0.0199 


(9) 


0.0114 (7) 


CI 


0.0307 (7) 


0.0949 


(14) 


0.0573 


(10) 


-0.0090 (8) 


0.0047 


(7) 


0.0078 (9) 


C76 


0.0509 (9) 


0.0394 


(8) 


0.0754 


(11) 


0.0024 (6) 


0.0239 


(8) 


-0.0058 (7) 


C20 


0.1035 (16) 


0.0572 


(10) 


0.0409 


(9) 


-0.0175 (10) 


0.0240 


(10) 


-0.0153 (7) 


C53 


0.0724(11) 


0.0551 


(10) 


0.0472 


(9) 


-0.0198 (8) 


0.0150 


(8) 


-0.0028 (7) 


C57 


0.0699(11) 


0.0535 


(9) 


0.0444 


(8) 


-0.0209 (8) 


0.0047 


(8) 


0.0056 (7) 


C75 


0.0807 (14) 


0.0449 


(9) 


0.1095 


(18) 


0.0002 (9) 


0.0502 


(13) 


-0.0219 (10) 


C19 


0.0859 (13) 


0.0544 


(10) 


0.0361 


(8) 


-0.0158 (9) 


0.0005 


(8) 


-0.0064 (7) 


C74 


0.0941 (15) 


0.0696 


(13) 


0.0778 


(14) 


-0.0238 (11) 


0.0442 


(13) 


-0.0385 (11) 


C23 


0.0820 (15) 


0.0721 


(14) 


0.115 (2) 


0.0208 (11) 


0.0528 


(15) 


-0.0141 (13) 


C22 


0.1001 (17) 


0.0591 


(11) 


0.0839 


(15) 


0.0003 (11) 


0.0566 


(14) 


-0.0189(10) 


C54 


0.1030(16) 


0.0851 


(15) 


0.0436 


(10) 


-0.0282 (12) 


0.0228 


(10) 


-0.0055 (9) 


C73 


0.0879 (14) 


0.0775 


(13) 


0.0477 


(10) 


-0.0191 (11) 


0.0194 


(9) 


-0.0225 (9) 


C56 


0.0903 (15) 


0.0769 


(13) 


0.0618 


(12) 


-0.0402(11) 


0.0107 


(10) 


0.0169(10) 


C24 


0.0583 (11) 


0.0675 


(12) 


0.0946 


(15) 


0.0221 (9) 


0.0227 


(10) 


-0.0086 (11) 


C55 


0.0961 (16) 


0.0948 


(16) 


0.0544 


(11) 


-0.0282 (13) 


0.0259 


(11) 


0.0160(11) 
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Geometric parameters (A, °) 



01— C4 


1.2122(15) 


C15— C16 


1.393 (2) 


Nl— C8 


1.4539 (16) 


C21— C20 


1.399 (3) 


Nl— C12 


1.4612(18) 


C21— C16 


1.406 (2) 


Nl— C13 


1.4652 (17) 


C21— C22 


1.418 (3) 


C13— C17 


1.5207 (17) 


C12— Cll 


1.514(2) 


C13— C14 


1.5772 (18) 


C12— H12A 


0.9700 


C13— C3 


1.5933 (17) 


C12— H12B 


0.9700 


C7— C71 


1.5097(18) 


C72— C73 


1.391 (2) 


C7— C8 


1.5243 (17) 


C72— H72 


0.9300 


C7— C3 


1.5588 (16) 


Cll— CIO 


1.520 (3) 


C7— H7 


0.9800 


Cll— HllA 


0.9700 


N2— C2 


1.4533 (16) 


Cll— HUB 


0.9700 


N2— CI 


1.4564(18) 


CIO— HlOA 


0.9700 


N2— C6 


1.4589 (18) 


CIO— HlOB 


0.9700 


C4— C5 


1.4934(17) 


CI— HIA 


0.9600 


C4— C3 


1.5306 (17) 


CI— HIB 


0.9600 


C71— C72 


1.384 (2) 


CI— HlC 


0.9600 


C71— C76 


1.386 (2) 


C76— C75 


1.399 (3) 


02— C14 


1.2112(17) 


C76— H76 


0.9300 


C2— C3 


1.5289 (17) 


C20— C19 


1.359 (3) 


C2— H2A 


0.9700 


C20— H20 


0.9300 


C2— H2B 


0.9700 


C53— C54 


1.377 (2) 


C17— C18 


1.360 (2) 


C53— H53 


0.9300 


C17— C16 


1.408 (2) 


C57— C56 


1.380 (2) 


C51— C5 


1.3337 (19) 


C57— H57 


0.9300 


C51— C52 


1.4666(19) 


C75— C74 


1.355 (3) 


C51— H51 


0.9300 


C75— H75 


0.9300 


C52— C53 


1.386 (2) 


C19— H19 


0.9300 


C52— C57 


1.388 (2) 


C74— C73 


1.361 (3) 


CIS— C19 


1.416(2) 


C74— H74 


0.9300 


C18— H18 


0.9300 


C23— C22 


1.353 (3) 


C14— C15 


1.477 (2) 


C23— C24 


1.402 (3) 


C8— C9 


1.5144(19) 


C23— H23 


0.9300 


C8— H8 


0.9800 


C22— H22 


0.9300 


rs cf\ 








C9— CIO 


1.525 (2) 


C54— H54 


0.9300 


C9— H9A 


0.9700 


C73— H73 


0.9300 


C9— H9B 


0.9700 


C56— C55 


1.371 (3) 


C6— H6A 


0.9700 


C56— H56 


0.9300 


C6— H6B 


0.9700 


C24— H24 


0.9300 


C15— C24 


1.371 (2) 


C55— H55 


0.9300 


C8— Nl— C12 


114.03 (11) 


C20— C21— C16 


116.24(16) 


C8— Nl— C13 


107.94 (10) 


C20— C21— C22 


128.43 (17) 


C12— Nl— C13 


116.74(11) 


C16— C21— C22 


115.33 (19) 


Nl— C13— C17 


109.12(10) 


C15— C16— C21 


123.14(15) 


Nl— C13— C14 


112.62(10) 


C15— C16— C17 


113.43 (13) 


C17— C13— C14 


101.88(10) 


C21— C16— C17 


123.37 (15) 
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JN i — CI J — 


1 AO £i 1 /'C\\ 

lOz.ol (y) 


C17 — C13 — C3 


118.80 (10) 


C14 — C13 — C3 


112.14 (10) 


C71 — C7 — Co 


115.21 (11) 


C71 — C7 — C3 


1 1 ^ ^ 1 /I A\ 

116.61 (10) 


/^O /"^l 

CS — C7 — C3 


1 A /I 11/1 A\ 

104.13 (10) 


L71 — C7 — H7 


106.7 


/^o /~^n Tjn 

Co — C7 — H7 


1 AZT T 

106.7 


/^'j m 
C J — C / — H / 


106. / 


C2 — N2 — CI 


111 / 1 ^\ 

111.92 (12) 


XT'^ 

C2 — N2 — Co 


109.69 (11) 


CI — Nz — Co 


1 1 A AC /"I 1\ 

110.45 (IZ) 


Ul — C4 — Cj 


lzl.l5 (11) 


Ol — C4 — C3 


121.55 (11) 


C5 — C4 — C3 


117.28 (10) 


C72 — C71 — C76 


117.41 (14) 


C72 — C71 — C7 


122. 7o (12) 


C76 — C71 — C7 


1 1 A TA / 1 /1\ 

119.79 (14) 


N2 — C2 — C3 


108.88 (10) 


Ni — C2 — Hz A 


1 AA A 

109.9 


/-i'3 /-T^ TJO A 

C3 — Cz — HzA 


109.9 


Nz — Cz — HzB 


109.9 


C3 — Cz — HzB 


1 AA A 

109.9 


HzA — Cz — HzB 


1 AO "? 

108.3 


C18 — C17 — C16 


110 £. A 

118.64 (13) 


C18 — C17 — C13 


131.87 (13) 


C16 — C17 — C13 


1 A A O 1 / 1 O \ 

109.21 (12) 


C5 — C51 — C52 


1 O O OA / 1 '?\ 

128.80 (13) 


CD — CD i — HD 1 


ilD.6 


C52 — C51 — HdI 


115.6 


C2 — C3 — C4 


1 AT 1 C / 1 A\ 

107.15 (10) 


C2 — C3 — C7 


1 1 O CO /I A\ 

113.58 (10) 


^/l /^T 

C4 — CJ — C/ 


111 T*) /I A\ 

ill./z (10) 


C2 — C3 — C 1 3 


111 ^70 /I A\ 

111.78 (10) 


C4 — C3 — CI 3 


1 AO CO /I A\ 

108.58 (10) 


C7 — C3 — C13 


1 A /( A A /A\ 

104.00 (9) 


r~*c^ /~^ci f~^cn 

C53 — C52 — Cd7 


1 1 T A A z' 1 y1 \ 

117.99 (14) 


i^C^ /^C1 

Cd3 — Cd2 — Cd 1 


11A 1£ 

119.16 (13) 


r~*c~i r~^z^ 

Cd7 — Cd2 — CdI 


\22.15 (14) 


C17 — CI 8 — C19 


1 1 O CA /I ^\ 

118.50 (16) 


1 -7 /^10 TT10 

CIV — Cio — Hlo 


1 OA O 

120.5 


C19 — C18 — H18 


1 OA O 

120.8 


02 — C14 — ClD 


1 O ^ TA / 1 T\ 

126.79 (13) 


02— CI 4— €13 


124.98 (13) 


C15— C14— C13 


107.71 (12) 


Nl— C8— C9 


110.01 (11) 


Nl— C8— C7 


101.35(10) 


C9— C8— C7 


115.39(11) 


Nl— C8— H8 


109.9 



Nl — C12 — Cll 


1 AA 1 A / 1 0 \ 

109.19 (13) 


XT1 /^10 TT10A 

Nl — C12 — H12A 


1 AA 0 

109.8 


/~110 TT10A 

Cll — C12 — ^H12A 


1 A A 0 

109.8 


XT1 1 TT1 Tri 

Nl — C12 — ^H12B 


1 AA 0 

109.8 


Cll — C12 — H12B 


1 AA 0 

109.8 


T T 1 O A 1 O T T 1 OTl 

H12A — C12 — H12B 


108.3 


/~"71 /^TO /"^TT 

C71 — C72 — C73 


101 A £1 /-\ '1\ 

121.46 (17) 


A"' -7 1 /^Tl TTTO 

C71 — C72 — H72 


119.3 


i~^ni /~^TO TTTO 

C73 — C72 — H72 


1 1 A T 

119. J 


C12 — Cll — CIO 


IIA '7/' /lOA 

110.76 (13) 


^l'^ 1 1 TTII A 

C12 — Cll — ^HllA 


1 AA C 

109.5 


CIO — Cll — HllA 


109.5 


C12 — Cll — HUB 


1 AA C 

109.5 


CIO — Cll — HUB 


1 AA ^ 

109.5 


T T 1 1 A 11 T T 1 1 "n 

HllA — Cll — HUB 


108.1 


Cll — CIO — C9 


11A CO /lOX 

110.58 (13) 


/^1A TT1AA 

Cll — CIO — HlOA 


1 AA C 

109.5 


/~1A 1 A TT1 A A 

C9 — CIO — HlOA 


1 AA C 

109.5 


Cll — CIO — HlOB 


109.5 


i^A /"^ 1 A TT1AT) 

Cy — CIO — HlOB 


1 AA C 

109.5 


TT1AA /^1A TT1 AT* 

HlOA — CIO — HlOB 


1 AO 1 

108.1 


XTO 1 TT1 A 

N2 — CI — ^HIA 


1 AA C 

109.5 


XTO /"'I TT1"r> 

N2 — CI — HIB 


109.5 


TT1 A 1 TT1 T> 

HIA — CI — HIB 


1 AA C 

109.5 


XTO 1 TT1 /"^ 

N2 — CI — ^HIC 


1 AA C 

109.5 


TT1 A 1 TTI/^ 

HIA — CI — HlC 


109.5 


T T 1 1~* f ' 1 T T 1 

HIB — CI — HlC 


109.5 


C7 1 — C76 — C75 


1 0 A 1 ^ /I 0\ 

120.34 (18) 


r^nii Tjna 
C/ i — C/6 — H/6 


1 1 A 0 

119.8 


C75 — C76 — H76 


119.8 


/" ^ 1 r\ /^o A /"^ 0 1 

C 1 9 — C20 — C2 1 


10A AO / A C\ 

120.48 (15) 


r^^f\ Ty^A 

C19 — C20 — H20 


1 1 A 0 

119.8 


1 r^^f\ TTOA 

Czl — C20 — H20 


1 1 A 0 

119.8 


C54 — C53 — C52 


101 AO / 1 Z'\ 

121.02 (16) 


r~^CA /^C? TTCT 

C54 — C53 — H53 


1 1 A C 

119.5 


/~lCO i^cy TT^O 

C52 — C53 — H53 


1 1 A C 

119.5 


C56 — C57 — C52 


1 OA 0 ^ /I £\ 

120.26 (16) 


r~^c£i r^cn ttc? 

C56 — C57 — H57 


1 1 A A 

119.9 


C52 — C57 — H57 


119.9 


L14 — C75 — C76 


101 AC /I 0\ 

121.05 (18) 


C74 — C75 — H75 


1 1 A C 

119.5 


C76 — C75 — H75 


119.5 


C20 — C19 — CI 8 


100 ££ /I '7\ 

122.66 (17) 


/~^TA ^~*^c\ mn 
C2U C19 HI 9 


118. / 


C18— C19— H19 


118.7 


C75— C74— C73 


119.54(17) 


C75— €74— H74 


120.2 


C73— €74— H74 


120.2 


€22— €23— €24 


122.73 (19) 
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C9— C8— H8 
C7— C8— H8 
C51— C5— C4 
C51— C5— C6 
C4— C5— C6 
C8— C9— CIO 
C8— C9— H9A 
CIO— C9— H9A 
C8— C9— H9B 
CIO— C9— H9B 
H9A— C9— H9B 
N2— C6— C5 
N2— C6— H6A 
C5— C6— H6A 
N2— C6— H6B 
C5— C6— H6B 
H6A— C6— H6B 
C24— C15— C16 
C24— C15— C14 
C16— C15— C14 



109.9 
109.9 

116.79(12) 

124.14(12) 

119.01 (11) 

110.01 (13) 

109.7 

109.7 

109.7 

109.7 

108.2 

111.84(11) 

109.2 

109.2 

109.2 

109.2 

107.9 

119.82(17) 

132.36 (17) 
107.74 (12) 



C22— C23— H23 
C24— C23— H23 
C23— C22— C21 
C23— C22— H22 
C21— C22— H22 
C55— C54— C53 
C55— C54— H54 
C53— C54— H54 
C74— C73— C72 
C74— C73— H73 
C72— C73— H73 
C55— C56— C57 
C55— C56— H56 
C57— C56— H56 
C15— C24— C23 
C15— C24— H24 
C23— C24— H24 
C54— C55— C56 
C54— C55— H55 
C56— C55— H55 



118.6 
118.6 

121.06(18) 
119.5 

119.5 

120.40(18) 

119.8 

119.8 

120.2 (2) 

119.9 

119.9 

120.82 (18) 

119.6 

119.6 

117.9(2) 

121.1 

121.1 

119.44(17) 

120.3 
120.3 



C8— Nl— C13— C17 
C12— Nl— C13— C17 
C8— Nl— C13— C14 
C12— Nl— C13— C14 
C8— Nl— C13— C3 
C12— Nl— C13— C3 
C8— C7— C71— C72 
C3— C7— C71— C72 
C8— C7— C71— C76 
C3— C7— C71— C76 
CI— N2— C2— C3 
C6— N2— C2— C3 
Nl— C13— C17— C18 
C14— C13— C17— C18 
C3— C13— C17— C18 
Nl— C13— C17— C16 
C14— C13— C17— C16 
C3— C13— C17— C16 
N2— C2— C3— C4 
N2— C2— C3— C7 
N2— C2— C3— C13 
01— C4— C3— C2 
C5— C4— C3— C2 
Ol— C4— C3— C7 
C5— C4— C3— C7 
01— C4— C3— C13 
C5— C4— C3— C13 
C71— C7— C3— C2 



-161.77 (10) 
68.27 (14) 
85.87 (12) 
-44.09(15) 
-34.89 (12) 
-164.86(11) 
35.14(18) 
-87.39 (16) 
-143.38 (13) 
94.09 (15) 
-163.22 (13) 
73.82 (13) 

55.50 (18) 
174.76 (14) 
-61.52(19) 
-118.20(12) 
1.06(14) 
124.78 (12) 
-61.97 (13) 
174.16(10) 
56.87 (13) 
-145.26 (12) 
36.60 (14) 
-20.26(17) 
161.60(10) 
93.86 (14) 
-84.29(13) 

23.51 (15) 



C52— C51— C5— C4 
C52— C51— C5— C6 
01— C4— C5— C51 
C3— C4— C5— C51 

01— C4— C5— C6 
C3— C4— C5— C6 
Nl— C8— C9— CIO 
C7— C8— C9— CIO 
C2— N2— C6— C5 
CI— N2— C6— C5 
C51— C5— C6— N2 
C4— C5— C6— N2 

02— C14— C15— C24 
C13— C14— C15— C24 
02— C14— C15— C16 
C13— C14— C15— C16 
C24— C15— C16— C21 
C14— C15— C16— C21 
C24— C15— C16— C17 
C14— C15— C16— C17 
C20— C21— C16— C15 
C22— C21— C16— C15 
C20— C21— C16— C17 
C22— C21— C16— C17 
C18— C17— C16— C15 
C13— C17— C16— C15 
C18— C17— C16— C21 
C13— C17— C16— C21 



179.34(13) 

-3.5 (2) 
-22.96(19) 
155.19(12) 
159.74 (13) 
-22.11 (17) 
55.74(16) 
169.61 (12) 
-54.29 (15) 
-178.11 (13) 
-147.88 (13) 
29.22 (18) 
-5.5 (3) 
-177.54(19) 
171.13(15) 
-0.94 (16) 
1.7(2) 

-175.37 (14) 
178.83 (16) 
1.73 (18) 
178.90(15) 
-0.4 (2) 
2.1 (2) 
-177.24 (15) 
-176.47 (13) 
-1.81 (17) 
0.6 (2) 
175.28 (13) 
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/^o /~^n r~^'~> 


— lU4.oi (iz) 


/^O XT1 /^ 1 /"^ 1 1 

L o — N 1 — C 1 z — C 1 1 


c A AT / 1 zr\ 

59.07 (16) 


C7 1 — C7 — C3 — C4 


—97.83 (13) 


/"'I'? XT1 /^l-^ /"'ll 

C13 — JNl — Clz — Cll 


1 Tl A 1 / 1 

-173.91 (12) 


r^o r^n r^A 

Co — C7 — C3 — L4 


134.04 (10) 


/~1T^ /~1T1 /~^T'^ /~'T'5 

C76 — C7 1 — C72 — C73 


0.3 (2) 


C7 1 — C7 — L3 — C 1 3 


145.25 (11) 


/"'T /"'Tl /"'T'** /^T5 

C7 — C7 1 — L72 — C73 


1 TO ""^ C /I C\ 

—178.25 (15) 


C8 — C7 — C3 — C 1 3 


17. Iz (Iz) 


XT1 /"^l-^ /^11 /^1A 

Nl — Liz — Cll — CIO 


C C TC /I 0\ 

—55.75 (18) 


N 1 — C 1 3 — C3 — C2 


132.33 (10) 


/"'I'l /"^11 /"'lA /^A 

C12 — Cll — CIO — C9 


55.3 (2) 


L 1 7 — C 1 3 — C3 — C2 


—107.27 (13) 


C8 — C9 — C 1 0 — C 1 1 


Z A OT /I A\ 

—54.83 (19) 


C 14 — C 1 3 — C3 — C2 


11. z3 (14) 


C7z — C71 — C76 — C75 


A 1 /1\ 

-0.1 (2) 


JN i — C 1 3 — C3 — C4 


1 /:;n /i a\ 
— lUS'.oS' (10) 


C / — C / 1 — C lb C ID 


1 TO Zf\ /I A\ 

1 /8.jO (14) 


C 1 7 — C 1 3 — C3 — C4 


1AT1 /1C\ 

10.71 (15) 


'X £. 1 /""lA Z"' 1 A 

C 1 0 — Cz 1 — CzO — C 1 9 


-2.1 (2) 


1 /I n^ 1 '> n^ /I 

C 1 4 — C 1 3 — C3 — C4 


129.22 (11) 


/~"^'^ /~"^ 1 /~^'^A Z"' 1 A 

Czz — Cz 1 — CzO — C 1 9 


1 TT AO /I A\ 

177.08 (19) 


Nl — C13 — C3 — C7 


9.40 (12) 


/"'CT /"^C1 f~^C^ t~^CA 

C57 — C52 — C53 — C54 


2.6 (3) 


C 1 / — C 1 3 — C3 — C / 


ion OA /IIA 

129.80 (11) 


/"•CI /^CO /^CJ /^C/l 

C5 i — C52 — C53 — C54 


1 TO AT / 1 0\ 
1 /6.9 / (18) 


L 1 4 — C 1 3 — C3 — C7 


—111.69 (11) 


^0 r^c^ r^cn e~^c£. 

C53 — C52 — C57 — C56 


-2.1 (3) 


C5 — C5 1 — C52 — C53 


1/11 AA / 1 T\ 

141.99 (17) 


C51 — C52 — C57 — C56 


1 T 0 /II /I ON 

-178.41 (18) 


C5 — C5 1 — L52 — C57 


/II O 

—41.8 (z) 


C71 — C76 — C75 — C74 


A 1 /"?\ 

0.1 (3) 


/^liC /~^io 


-3.2 (2) 


C2 i — C20 — C i 9 — C 1 8 


A A /IN 

-0.4 (3) 


n^iT niio 

C13 — C17 — CI 8 — C19 


1 n ^ A^ /I /l\ 

—176.42 (14) 


r^m r^-\o e~^-\c\ r^^f\ 

C 1 7 — C 1 8 — C 1 9 — C20 


3.2 (2) 


N 1 — C 1 3 — C 1 4 — 02 


-55.56 (18) 


/~\ '—1 /■ r~^^ C i^T A /"'TO 

076 — 075 — 074 — 073 


-0.3 (3) 


/"'IT /"'ll /"^1/1 /"\T 

C17 — C13 — C14 — 02 


—172.32 (14) 


Cz4 — Cz3 — Czz — Cz 1 


1 T / /I \ 

1.3 (4) 


C3 — C 1 3 — C 1 4 — (Jz 


59.5 / (18) 


/-T^A /-"^l /"'O'^ C^'^l 

CzO — Cz 1 — Czz — Cz3 


1 TA T /T\ 

1 /9. / (zj 


Nl — C13 — C14 — C15 


116.69 (12) 


C 1 0 — Cz 1 — Cz2 — C23 


1 1 /ON 

-1.1 (3) 


C17 — C13 — C14 — CI 5 


f\ AT /I ,1 \ 

-0.07 (14) 


052 — 053 — 054 — 055 


A T / /IN 

-0.7 (4) 


/"'I /^1T /"'l/l /"'IC 

C3 — C 1 3 — C 1 4 — C 1 5 


1 T O 1 O /I 

— Izo.lo (Iz) 


r^n c /~^n A /"'tt /"^tt 

075 — C74 — 073 — 072 


0.5 (3) 


C i I — JN i — C o — c y 


— jy.45 (ID) 


r^n^ r^n^ r^n"^ c^ia 
C / i — C 11 — C li — C 14 


-0.5 (3) 


/"'I'? "Ml /"'o /"^n 

C13 — Nl — C8 — C9 


1 A A/T / 1 1 \ 

169.06 (11) 


C52 — C57 — 056 — C55 


A 1 N 

-0.1 (3) 




1 77 ('1 1 \ 


^^fi. c^'\ cia cit, 


1.3 {i) 


C13— Nl— C8— C7 


46.41 (12) 


014—015—024—023 


174.78 (19) 


071— C7— C8— Nl 


-166.60 (10) 


022—023—024—015 


0.0 (4) 


C3— C7— C8— Nl 


-37.62 (12) 


053—054—055—056 


-1.6(4) 


C71— C7— C8— C9 


74.61 (15) 


057—056—055—054 


2.0 (4) 


03— C7— 08— C9 


-156.41 (11) 






Hydrogen-bond geometry (A, °) 


D—^-A 


D—n 


H-v4 D-A 


D—R-A 


02— H2S-02 


0.97 


2.35 2.9329(18) 
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